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ABSTRACT 


“=. Introduction 


African trypanosomes are extracellular mammalian parasites transmitted by tsetse flies. In addition to human 
African trypanosomiasis (HAT), caused by T. b. gambiense and T. b. rhodesiense present in sub-Saharan Africa, 
animal trypanosomoses are caused by T. evansi, responsible for Surra in camels, and T. b. brucei, T. congolense, 
and 7. vivax responsible for Nagana in cattle [1]. Both Surra and Nagana cause significant economic loss in 
developing countries and are potential threat to developed countries [1]. Despite a decline in the reported cases over 
the last ten years, HAT remains a danger for populations living in endemic areas, as studies have pointed to possible 


recombination between human and animal trypanosomes due to potential genetic exchanges [2]. 


As extracellular parasites, trypanosomes are confronted with host stress states induced by the organism's immune 
response. Thus, during their coevolution with their mammalian hosts, trypanosomes have developed mechanisms to 
modulate host immune responses, survive, and multiply. In addition to the sequential change in their surface 
glycoprotein, trypanosomes have also developed another escape mechanism via the macrophagic arginase pathway. 
Induction of arginase prevents the synthesis of nitric oxide (NO), which has trypanocidal properties [3],[4]. In 
addition, the host's arginase hydrolyzes L-arginine into L-ornithine, precursors of the polyamines responsible for 
trypanothione synthesis, enabling the parasite to resist oxidative stress and multiply [5],[6]. Our previous data have 
demonstrated the involvement of arginase in the immunomodulation induced in trypanosomiasis through the 


presence of a kinesin-heavy chain in trypanosomes, responsible for the induction of this arginase [7],[8]. 


In vivo and in vitro, a decrease in serum tryptophan (Trp) levels correlated with an increase in indoleamine 
2,3-dioxygenase 1 (IDO1) activity was observed [9]. IDO1 is involved in T-cell immunotolerance and immune- 


suppression, and its expression is associated with cancer progression and poor vital prognosis [10],[11]. 
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In macrophages, 95% of Trp is catalyzed by IDO1 to kynurenine, whose derivatives activate the Aryl Hydrocarbon 


Receptor (AhR), a nuclear xenobiotic receptor of interest to the immune system [12],[13]. Activation of AhR by 
kynurenins controls the adaptive immune response by converting naive (ThO) T cells into regulatory T cells 
(T-regs) [14]. IDO1 metabolism of Trp contributes to trypanosome-induced immunopathology [15]. Furthermore, 
the involvement of AhR was demonstrated during experimental infection with T. cruzi, an intracellular parasite 


[16]. 


We, therefore, determined the involvement of IDO1 and AhR during experimental trypanosomosis using T. 
musculi, a natural parasite of the mouse and a good model for host/pathogen interaction study. Two inhibitors were 
used: 1-methyl-L-tryptophan (1-M-LT), a structural analog of Trp as an IDOI inhibitor, and 2-methyl-2H- 
pyrazole-3-carboxylic acid (2-methyl-4-o0-tolylazo-phenyl)-amide (CH-223191), the most potent inhibitor of AhR 
[17],[18]. 


1.1. Study objectives 


The general objective of this study was to decipher experimentally the involvement of IDO1 and AhR in a murin 


model of African trypanosomiasis. 


The specific objectives were: (i) to assess the effects of the inhibition of IDO1 on 7. musculi in vitro; (i) to assess 
the effects of the inhibition of AhR on 7. musculi in vitro; (ii1) to assess the effect of both inhibitors on 7. musculi 
cultured alone; (iv) to determine the effects of serial concentration of IDO1 and AhR inhibitors in the co-culture 
macrophages/T7. musculi; and (v) to determine the optimal concentration of IDO1 and AhR inhibitors for further 


experiments. 
“22. Methods 
2.1. Reagents 


Cells were cultured for 72 h at 37 °C (5% CO) in RPMI medium enriched with 2-mercaptoethanol (2ME: 107 
mM), HEPES (20 mM), Sodium Pyruvate (2 mM), Penicillin/Streptomycin and fetal calf serum (SVF: 5%). 
Parasites were purified on a DEAE cellulose column using the ion exchange chromatography technique [19]. 
1-M-LT, CH-223191, and DEAE cellulose were obtained from Sigma-Aldrich Chemie (Saint-Quentin Fallavier, 


France). 
2.2. Parasites 


The 7. musculi strain was originally obtained from the London School of Hygiene and Tropical Medicine 
(Vincendeau et al., 1986). Parasites are maintained in liquid nitrogen or in vivo by intraperitoneal injection (5.10* 


parasites per mouse) in naive Swiss mice. 


Parasite multiplication was checked by culturing parasites in a macrophage-conditioned medium at different 
concentration ranges of 2%, 5%, and 10% Fetal Calf Serum (FCS) contained in the culture medium. After 
enumeration on a malassez slide, the medium containing 5% FCS with the highest yield was selected for the test 


(Figure 1). 
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Figure 1. Trypanosoma musculi multiplication in culture 
2.3. Co-culture of parasites with macrophages 


Peritoneal macrophages were cultured with parasites in 96-well plates (10° parasites per 10° macrophages per well), 
in RPMI medium enriched as above, at 37 °C and 5% CO. The assay was performed in triplicate, and different 
inhibitor concentration ranges were used: 30 uM, 100 uM and 200 uM for 1-M-LT and 30 nM, 90 nM, 300 nM and 
1 uM for CH-223191. Parasites were counted on a malassez slide after 72 h. 


= 3, Results 
3.1. No direct effect of inhibitors on parasite viability in the absence of macrophages 


To determine parasite viability in the presence of inhibitors, we cultured the parasites alone, without feeder cells 
[7], but in a conditioned medium in the presence of inhibitors with control wells where the parasites were alone 
without inhibitors. The result showed that there was no direct effect of 1-M-LT, while CH-223191 had a very slight 
effect. 


Number of Parasites x 10° 


30uM  100uM 200uM 0.03uM 0.09uM O0.3uM  1yM 


1-M-LT Control CH-223191 


RPMI + T. musculi 


Figure 2. Direct effect of AnR (CH-223191) IDO1 inhibitors (1-M-LT) on 7. musculi viability 
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3.2. AhR inhibition slows parasite growth more than IDO1 inhibition in macrophages 


Parasites were cultured with macrophages in the presence of inhibitors and counted at D3 on a malassez slide. The 


following procedure determines the percentage inhibition: 


eee eee Number of parasites (inhibitor) 
Pecentage inhibition = ——_—__________——_ x 100 (1) 
Number of parasites (control) 


The result showed that both inhibitors slowed down parasite proliferation. 


When parasites were cultured with macrophages, the latter promoted their proliferation. We thus determined the 
effect of IDO1 inhibition, induced in immune cells, and the subsequent receptor for Trp catabolism, AhR. We found 
that inhibition of AhR by CH-223191 slowed parasite proliferation to a greater extent than that of IDO1 by 1-M-LT 


(Figure 3) and that parasite proliferation was lower when the concentration of the inhibitors was increased. 
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Figure 3. Effect of inhibitors on the T. musculi growth co-culturing with des macrophages 
“= 4. Discussion 


By testing parasite viability in the absence of macrophages and the presence of inhibitors, we have seen that there is 
no direct effect of the latter on parasites. RPMI medium contains essential elements for cell growth, including Trp, 
which is essential for trypanosome survival. Studies have shown that trypanosomatidae have a different mechanism 
from mammals for metabolizing aromatic amino acids to indole derivatives [20]. This also suggests that IDO1 is 
not present in 7. musculi. However, this requires further experiments to be confirmed. Nevertheless, the fact that 
parasite proliferation was slowed when the parasites were co-cultured with macrophages in the presence of the 
inhibitors shows that trypanosomes also benefit from the results of Trp metabolism through macrophages. A study 
carried out on the second phase of HAT showed that one of the Trp derivatives (quinolinic acid) metabolized by 
IDO1 promoted inflammation in the central nervous system, but that inhibition of kynurenine-3-monooxygenase 
(KMO) improved this inflammation [15]. In addition, kynurenine metabolites have immunosuppressive properties 


on effector T cells and promote immunotolerance through the proliferation of T-regs. Taken together, these data 
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suggest that kynurenine derivatives derived from Trp metabolism exert diverse effects on the host immune response 


and that one or more of these metabolites may promote the survival and/or proliferation of 7. musculi in vitro. 


The study of the effect of IDO1 expression is most developed for cancer therapy, and numerous clinical trials are 
underway to optimize the best IDO1 inhibitor for this purpose [21],[22]. In a review highlighting the properties of 
various IDO] inhibitors, both 1-M-LT and 1-M-DT were cited as pivotal inhibitors that could conjointly with other 
drugs enhance anti-tumor activity [21]. Thus, we propose to use Epacadostat and LW-106, the best current IDO1 


inhibitors [21],[23],[24] in further in vivo and in vitro experiments. 


The immunosuppression of effector T cells and the hyper-activation of T-regs induced by Kynurenine derivatives 
are mediated by AhR activation. Inhibition of AhR during culture showed a greater slowdown in parasite 
proliferation than IDO1 inhibition. This could be due to the cytotoxicity of Kynurenine derivatives on parasites, as 
AhR promotes the production of IL-10 [25]. Previous studies have shown that imidazole compounds have 


trypanocidal and trypanostatic effects [26]. 


Structurally, CH-223191 contains an imidazole core which, together with depletion of Trp in the medium through 
induction of macrophage IDO1, could impair parasite proliferation, as the RPMI 1640 medium used contains little 
Trp. However, the parasite viability test in the presence of CH-223191 did not show a consequent direct effect of the 
inhibitor on parasite growth. Thus, the addition of a given amount of Trp, a kynurenine intermediate, indole acetate, 
or indole pyruvate, could restore 7. musculi growth. Similarly, supplementation with macrophage growth factors 
such as GM-CSF or M-CSF would facilitate the macrophages' growth and prevent more Trp consumption. A final 
possibility would be to condition the medium with macrophage-derived factors, and culture 7. musculi in this 


conditioned medium. 
= 5, Conclusion 


Work carried out on diseases other than African trypanosomiasis has demonstrated the involvement of IDO1 in the 
induction of immunomodulation [11],[27],[28],[29],[30], and its expression follows activation by pro-inflammatory 
cytokines and IFN-y [12]. Until now, work associating IDO1 with trypanosomiasis has either been carried out on 
immunopathology induced in the central nervous system [15],[31], or on a model that does not reflect the course of 
African trypanosomiasis with extracellular parasites [16],[30]. These preliminary data indicate a subsequent 


involvement of IDO1 and AhR during trypanosomiasis. 


Next studies could focus on the effect of IDO1 and Trp derivatives on the immune response during an in vivo 
challenge of African Trypanosomiasis. Thus, we prospect to assess the effects of IDO1 inhibition in an in vivo 
model of African trypanosomiasis with 7. musculi and T. b. brucei. Furthermore, we subsequently prospect to study 
the IDO1 and AhR genes and proteins expression, to assess the IDO1 activity and finally, the effects of Trp 


derivatives during macrophages activation and parasites challenge in vitro. 
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